Background {#Sec1}
==========

*Staphylococcus aureus* (*S. aureus*) is a major cause of both healthcare and community acquired infections and is perhaps the single most common cause of healthcare-associated infection throughout the world \[[@CR1]\]-\[[@CR3]\]. *S. aureus* has developed resistance to virtually all antibiotic classes available for clinical use and this has been observed in various continents \[[@CR1]\],\[[@CR3]\]-\[[@CR7]\]. In Africa, methicillin resistant *S.aureus* (MRSA) prevalence is quite variable with prevalence's as low as 4% and as high as 82% being reported \[[@CR8]\].

A study carried out in Kenya in 1997 reported an MRSA prevalence of 39.8% amongst *S.aureus* isolates from a variety of clinical specimens at the national referral hospital in Nairobi \[[@CR6]\]. A study looking at MRSA prevalence in 8 African countries found it to be between 20% and 30% in Nigeria, Cameroon and Kenya. The prevalence was less than 10% in Tunisia and Algeria. Only 137 isolates from Kenya were assessed in this study \[[@CR4]\]. A retrospective analysis of bloodstream isolates at the Aga Khan University Hospital Nairobi (AKUHN) in Kenya reported a 21% prevalence of MRSA. This study looked at data obtained from 364 non duplicate isolates collected from January 2003 to April 2008 \[[@CR9]\]. A 2013 publication looking at *S.aureus* isolates causing skin and soft tissue infections in 5 government run healthcare facilities in Nairobi reported MRSA prevalence amongst *S.aureus* to be 84.1%. This was out of 82 isolates collected between 2005 and 2007 \[[@CR10]\]. In most of the mentioned studies, identification of *S.aureus* was performed using manual methods.

In developing countries, phenotypic tests are the mainstay for the identification of staphylococci with the tube and slide coagulase tests being relied upon as confirmatory tests for *S.aureus*. This is largely because human plasma is readily available in most hospital based laboratories. Kateete *et al*. reported specificities for human and sheep plasma tube coagulase tests of 11% and 8% respectively in identifying *S.aureus* when compared to a polymerase chain reaction (PCR) assay detecting the *nuc* gene which is specific for *S.aureus* \[[@CR11]\]. Sperber *et al*. demonstrated that tube coagulase is only reliable when a firm clot which doesn't move on tipping the tube is considered a positive reaction \[[@CR12]\]. The subjectivity in interpreting the tube coagulase contributes considerably to its low specificity which may result in coagulase negative staphylococci (CONS) being misidentified as *S.aureus*. Given that antimicrobial resistance especially to methicillin is more common in CONS \[[@CR13]\], this can lead to over estimation of MRSA prevalence as well as erroneous reporting of increased levels of resistance to other antibiotics.

Automated systems offer better species identification than manual methods as this is based on a larger panel of standardized biochemical tests. In addition, antimicrobial susceptibility is objectively assessed by automated determination of minimum inhibitory concentrations (MICs) \[[@CR14]\],\[[@CR15]\]. The use of automated identification systems is fairly recent in Kenya and this transition may result in a significant change in reported antimicrobial susceptibility patterns. The AKUHN started using an automated identification system for routine diagnosis in January 2011 while Gertrude's Children's Hospital (GCH) has used one since 2009.

We set out to describe the antimicrobial susceptibility patterns of over 700 *S.aureus* isolates from routine clinical specimens as determined byVitek-2 (version 4.01, bioMerieux, Marcy-l'Etoile, France). Vitek-2 is an automated identification and susceptibility testing system that enables rapid determination of MICs. Its improved performance over earlier rapid systems is due to the larger number of wells in each card, enhanced optics, and new algorithms based on kinetic analyses of growth data. It has an Advanced Expert System (AES) which provides standardized interpretive reading of these MICs.

To the best of our knowledge, this is the first study in East Africa that has reported *S.aureus* antibiotic susceptibility for over 700 isolates all identified using automated systems. Given the large number of isolates and presumably better species identification, this study gives a more accurate picture of *S.aureus* antimicrobial susceptibility in Nairobi over the past 2 years and provides a baseline against which data generated from similar automated systems in East Africa can be compared against.

Methods {#Sec2}
=======

AKUHN is a 300 bed private university teaching hospital that was awarded international accreditation by the Joint Commission International in September 2013. The hospitals main laboratory is ISO15189:2007 accredited by the South African National Accreditation Service (SANAS) since 2010. GCH is a dedicated pediatric hospital in Nairobi with a bed capacity of 105. Both hospitals offer primary and tertiary care services with clientele largely comprising middle to high social economic status individuals residing in Nairobi and its environs. Both hospital laboratories receive samples from a network of satellite clinics located in and around Nairobi.

A review of all consecutive non-duplicate *S.aureus* susceptibility data generated between March 2011 and May 2013 by the Vitek-2 (bioMérieux) automated system was performed by the authors. The data was generated routinely from processed clinical specimens submitted to the microbiology laboratories for culture and sensitivity. The Vitek-2 card AST P580 was used for susceptibility testing and interpretation of the MICs was based on Clinical Laboratory Standard Institute guidelines \[[@CR16]\]. The antibiotics tested and reported included penicillin, oxacillin, cefoxitin, gentamicin, amikacin, trimethoprim/sulfamethoxazole (TMP/SMX), levofloxacin, moxifloxacin, teicoplanin, vancomycin, linezolid, tetracycline, tigecycline, rifampicin, mupirocin, clindamycin, erythromycin and tobramycin. For oxacillin a cut off ≥4 ug/ml was considered resistant while for cefoxitin, a positive screen by Vitek-2 was considered resistant. As per the CLSI guidelines, a *S.aureus* isolate found to be resistant to either cefoxitin or oxacillin was reported as an MRSA.

The AKUHN and GCH ethics committees gave permission for the use of antimicrobial susceptibility data obtained from cultures done on patient samples.

Statistics {#Sec3}
----------

Antibiotic susceptibility was expressed as a percentage of all *S.aureus* isolates. Comparison of antibiotic susceptibility and sample types between AKUHN and GCH isolates was done using chi-square or fishers exact tests where appropriate. All analysis was two tailed. A p-value less than 0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 21.

Results {#Sec4}
=======

Antimicrobial susceptibility data from a total of 731 non-duplicate *S.aureus* isolates was reviewed with AKUHN and GCH contributing 529 and 202 respectively. Pus swabs formed the bulk of the specimens comprising 79.2% with majority coming from patients with skin and soft tissue infections. The distribution of the clinical specimens was as shown in Table [1](#Tab1){ref-type="table"}.Table 1**Table showing the proportion of different specimen types from which** ***Staphylococcus aureus*** **isolates were obtained at AKUHN and GCH**SpecimenAKUHNGCHTotaln (%)n (%)n (%)Pus swabs395 (74.7%)184 (91.1%)579 (79.2%)Blood40 (7.6%)6 (3.0%)46 (6.3%)Urine8 (1.5%)6 (3.0%)14 (1.9%)Screening swabs48 (9.1%)2 (1.0%)50 (6.8%)Lower respiratory tract17 (3.2%)1 (0.5%)18 (2.5%)Miscellaneous^a^21 (4.0%)3 (1.5%)24 (3.3%)**Total529** **(100.0%)202** **(100.0%)731** **(100.0%)**^a^These consisted of ascitic fluid, knee aspirates, vaginal swabs and isolates where the source was not indicated.

Only 24 isolates were both cefoxitin and oxacillin resistant while 3 were resistant to oxacillin but susceptible to cefoxitin. Including these 3 isolates, the overall MRSA prevalence was 3.7% (27/731). The 3 isolates were from skin and soft tissue infections and were all susceptible to teicoplanin, tigecycline, vancomycin, linezolid and rifampicin. One of the isolates was only resistant to oxacillin and penicillin while the other 2 isolates in addition to being resistant to oxacillin and penicillin were also resistant to erythromycin and tetracycline with intermediate susceptibility to levofloxacin. One of the isolates was also resistant to trimethoprim/sulfamethoxazole, tobramycin and moxifloxacin while the other had inducible clindamycin resistance. The MRSA prevalence in blood stream isolates was 6.5% (3/46).

None of the *S.aureus* isolates was resistant to mupirocin, vancomycin, teicoplanin, tigecycline or linezolid. Resistance was highest to penicillin at 92.2% and trimethoprim-sulfamethoxazole at 42.1% as shown in Table [2](#Tab2){ref-type="table"}.Table 2**Table showing antibiotic susceptibility of** ***Staphylococcus aureus*** **isolates**AntibioticSusceptibleIntermediateResistantNo. (%)No. (%)No. (%)Penicillin57 (7.8%)0 (0.0%)674 (92.2%)Oxacillin704 (96.3%)0 (0.0%)27 (3.7%)Cefoxitin707 (96.7%)0 (0.0%)24 (3.3%)Erythromycin645 (88.2%)1 (0.1%)85 (11.7%)Clindamycin^a^658 (90.0%)0 (0.0%)73 (10.0%)Gentamicin710 (97.1%)7 (1.0%)14 (1.9%)Tobramycin708 (96.8%)5 (0.7%)18 (2.5%)Levofloxacin687 (94.0%)31 (4.2%)13 (1.8%)Moxifloxacin724 (99.1%)1 (0.1%)6 (0.8%)Linezolid731 (100.0%)0 (0.0%)0 (0.0%)Mupirocin731 (100.0%)0 (0.0%)0 (0.0%)Rifampicin725 (99.2%)3 (0.4%)3 (0.4%)TMP/SMX^b^423 (57.9%)0 (0.0%)308 (42.1%)Tetracycline618 (84.5%)0 (0.0%)113 (15.5%)Tigecycline731 (100.0%)0 (0.0%)0 (0.0%)Teicoplanin731 (100.0%)0 (0.0%)0 (0.0%)Vancomycin731 (100.0%)0 (0.0%)0 (0.0%)^a^59 isolates were susceptible to clindamycin based on MICs but were reported as resistant as they had inducible clindamycin resistance.^b^TMP/SMX-Trimethoprim/Sulfamethoxazole.

Comparison of susceptibility between AKUHN and GCH isolates showed significantly less susceptibility in AKUHN isolates to oxacillin, levofloxacin and tobramycin. Generally, isolates from GCH were more susceptible to the antibiotics tested as shown in Table [3](#Tab3){ref-type="table"}.Table 3**Comparison of** ***S.aureus*** **antibiotic susceptibility between AKUHN and GCH isolates**AntibioticAKUHN (N = 529)GCH (N = 202)P-valuen (%)n (%)Penicillin46 (8.7%)11 (5.4%)0.166Oxacillin504 (95.3%)200 (99.0%)0.015Erythromycin459 (86.8%)186 (92.1%)0.054Clindamycin^a^473 (89.4%)185 (91.6%)0.412Gentamicin510 (96.4%)200 (99.0%)0.080Tobramycin506 (95.7%)202 (100.0%)0.001Levofloxacin487 (92.1%)200 (99.0%)0.000Moxifloxacin522 (98.7%)202 (100.0%)0.199Linezolid529 (100.0%)202 (100.0%)1.000Mupirocin529 (100.0%)202 (100.0%)1.000Rifampicin524 (99.1%)201 (99.5%)1.000TMP/SMX^b^317 (59.9%)106 (52.5%)0.079Tetracycline446 (84.3%)172 (85.1)0.820Tigecycline529 (100.0%)202 (100.0%)1.000Teicoplanin529 (100.0%)202 (100.0%)1.000Vancomycin529 (100.0%)202 (100.0%)1.000^a^After adjusting for inducible clindamycin resistance.^b^TMP/SMX-Trimethoprim/Sulfamethoxazole.

All MRSA isolates were susceptible to tigecycline, mupirocin, linezolid, teicoplanin and vancomycin as shown in Figure [1](#Fig1){ref-type="fig"}.Figure 1**Antibiotic susceptibility of MRSA isolates** **(N = 27)** **.** ^\*^After adjusting for inducible clindamycin ;resistance. ^\*\*^TMP/SMX-Trimethoprim/Sulfamethoxazole.

Discussion {#Sec5}
==========

Antimicrobial susceptibility surveillance is important as it aids in identifying local resistance trends which impacts on the management of both hospital and community-acquired infections. We have previously reported an MRSA prevalence of 21% in *S.aureus* bacteremia isolates collected between January 2003 and April 2008 at AKUHN \[[@CR9]\]. This was a retrospective review of laboratory susceptibility data that relied on the use of manual identification methods and susceptibility by disc diffusion. The overall MRSA prevalence of 3.7% for all specimen types and 6.5% in blood isolates in this study is therefore much lower than what was anticipated. Whether this reflects a true decline in methicillin resistance or is a result of better diagnostic methods is a question that can only be answered by continuous monitoring of trends in *S.aureus* susceptibility. A study carried out in 2010 that investigated nasal carriage of MRSA by healthcare workers (HCWs) at AKUHN found that 45 out of 246 randomly selected HCWs were carriers of *S.aureus* but none of the isolates were MRSA even after performing genotypic tests \[[@CR17]\]. This low prevalence is in complete contrast to a recently published study that reported MRSA prevalence in *S.aureus* isolates from 5 public hospitals in Nairobi to be 84.1% \[[@CR10]\]. In this study, manual bench techniques were used to identify *S.aureus* and to perform antimicrobial susceptibility. In as much as the patient population in public and private hospitals differ in terms of the social economic status, it is unlikely that this can explain the marked difference in MRSA prevalence. We hypothesize that the marked differences in MRSA prevalence amongst various hospitals in Nairobi is a consequence of the different laboratory techniques used to correctly identify MRSA.

A systematic review looking at MRSA in Africa found no decreasing trend in MRSA prevalence in individual countries except possibly for South Africa. This review included only articles published after 2005 and that had more than 100 isolates analyzed. Very few countries reported an MRSA prevalence less than 10% \[[@CR8]\]. The low prevalence we report is however not unique in Africa. In Madagascar, Randrianirina *et al*. reported prevalence's of 4.4% and 6.5% in hospital and community acquired *S.aureus* isolates respectively. Most of the isolates were community-acquired and largely originated from genital, urinary and pus specimens collected between January 2001 and December 2005 \[[@CR18]\]. In Eritrea, a prevalence of 9% was reported in *S.aureus* isolates from pus and ear discharge \[[@CR19]\]. In Gabon, the prevalence was 5.8% in isolates obtained from a variety of specimens collected between 2009 and 2012 \[[@CR20]\]. In most of these studies, antimicrobial susceptibility testing was performed using disc diffusion and not an automated system.

Out of 27 oxacillin resistant isolates in this study, 3 were cefoxitin susceptible. A possible mechanism of resistance in these isolates is hyper-production of beta lactamase as is commonly found in Borderline oxacillin resistant *S.aureus* (BORSA) isolates \[[@CR21]\]. However, these isolates all had oxacillin MICs \>4 ug/ml. Typically, BORSA isolates have an MIC between 1 and 4 ug/mL. The clinical significance of this mechanism of resistance is not known but such isolates are still reported as MRSA due to the possibility of treatment failure if beta lactam antibiotics are used \[[@CR22]\]. Confirmation of the mechanism of resistance in these isolates is required given the trend towards adoption of PCR based diagnostic technologies targeted at identifying only the *mecA* gene. In addition, some of the chromogenic plates used to identify MRSA are unable to identify those that do not have the *mecA* gene \[[@CR23]\].

Resistance to trimethoprim/Sulfamethoxazole (TMP/SMX) was 42.1%. Various African studies have reported resistance ranging from 0% to 100% \[[@CR8]\]. However, the marked heterogeneity in these studies makes it difficult to comment on the reasons for the differences seen. In South Africa, Kwa Zulu Natal province, 30.8% of *S.aureus* isolated in 2001 and 2002 from various clinical specimens were resistant to TMP/SMX. A study looking at blood isolates in 7 private pathology practices in South Africa reported resistance of 29% \[[@CR24]\]. In Gabon, non-susceptible isolates only comprised 8.3% of all *S.aureus* isolates from non-invasive specimens \[[@CR20]\]. A study in Ghana looking at 308 *S.aureus* isolates from diverse specimens found only 4% to be resistant to TMP/SMX \[[@CR25]\]. TMP/SMX is a cheap oral drug with good bio-availability and broad spectrum cover that has been thought to be an ideal alternative in treating skin and soft tissue infections (SSIs) caused by MSSA and community acquired MRSA (CA-MRSA) \[[@CR26]\],\[[@CR27]\]. The high resistance seen in this study rules it out as an option for empiric treatment of SSIs at AKUHN and GCH.

Resistance to erythromycin and clindamycin was 11.7% and 10.0% respectively. Inducible clindamycin resistance was seen in 8.1% of isolates that were susceptible based on CLSI MIC cut offs \[[@CR16]\]. Failure to test for inducible clindamycin resistance would have resulted in clindamycin resistance being reported as 1.9%. This highlights the importance of modifying clindamycin susceptibility for inducible phenotypes given that failure to do so can result in patients being treated with clindamycin which could result in treatment failure \[[@CR28]\].

All isolates were susceptible to mupirocin, linezolid, vancomycin, teicoplanin and tigecycline. Generally, *S.aureus* resistance to most of these antibiotics is low in Africa \[[@CR8]\]. Rifampicin resistance was 11.1% in MRSA isolates compared to 52.8% in MRSA isolates from public diagnostic laboratories in South Africa \[[@CR29]\]. Given South Africa's high incidence of tuberculosis and subsequent widespread use of rifampicin, it has been hypothesized that selective pressure has resulted in the emergence of rifampicin resistant MRSA.

Isolates from AKUHN were generally more resistant to most antibiotics compared to GCH isolates. We can only hypothesize that this may be a result of differences in antibiotic pressure in the two hospitals or may be as a result of the difference in population given that GCH only caters for the pediatric age group while AKUHN caters for mainly an adult population. The differences seen could also be a chance finding resulting from the multiple comparisons performed.

This study was limited by the fact that antibiotic resistance data was not stratified according to whether the infections were hospital or community acquired. Generally, community acquired isolates are less resistant compared to nosocomial isolates \[[@CR30]\]. A second limitation is that the data was obtained only from 2 private hospitals in Nairobi hence limiting the generalizability of the results to other hospitals in Nairobi. Despite this limitation, AKUHN and GCH are both primary and tertiary healthcare facilities with a large network of satellite clinics and laboratories in and around Nairobi. Therefore, the susceptibility data presented from over 700 unique isolates can serve as a point of reference for the antimicrobial susceptibility of *S.aureus* isolates in Nairobi.

Conclusions {#Sec6}
===========

The prevalence of MRSA in this study is much lower than what has been reported in most African countries. The significant change in antibiotic susceptibility compared to what has previously been reported is most likely a consequence of the transition to an automated platform rather than a trend towards lower resistance rates. It is likely that as more hospitals in Africa adopt similar systems, changes in previously reported susceptibility patterns will be observed.
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